The aim of the study was to investigate left ventricular (LV) systolic and diastolic circumferential myocardial function using tissue Doppler imaging in patients with essential hypertension. One hundred and two patients and 33 healthy age-matched controls were studied. Each patient underwent echocardiographic study with analysis of tissue velocity curves, which included mean peak systolic (Sm), early (Em) and late diastolic velocity (Am) and isovolumic relaxation time (IRTm). These parameters were expressed as means from the six basal segments of left ventricle reflecting its longitudinal function (L). The same indices estimated in mid-anteroseptal (C-AS) and mid-posterior (C-P) segments in parasternal short-axis view served as a measure of LV circumferential function. Higher value of C-AS-Sm and a similar trend in C-P-Sm suggest increased LV circumferential systolic function in hypertensive patients, whereas lower values of C-AS-Em, C-P-Em, C-AS-Em/Am and C-P-Em/Am indicate impaired LV circumferential diastolic function. Decreased L-Sm as well as decreased L-Em and L-Em/Am reflects LV longitudinal systolic and diastolic dysfunction, respectively. By univariate analysis, positive correlations were demonstrated between C-AS-Sm and LV mass index (LVMI) (r ¼ 0.61, Po0.001), interventricular septum thickness (IVS) (r ¼ 0.55, Po0.001) and LV posterior wall thickness (PW) (r ¼ 0.43, Po0.01) and negative ones between L-Sm and LVMI (r ¼ À0.51, Po0.001) and PW (r ¼ À0.36, Po0.04). By stepwise multivariate regression analysis, LVMI, IVS and age independently predicted C-AS-Sm and LVMI predicted L-Sm. Our study demonstrated in hypertensive patients increased LV circumferential systolic and decreased diastolic function. The former may be a compensatory response to the impairment in LV longitudinal systolic performance.
Introduction
Hypertension (HT) is the one of the most common causes of myocardial dysfunction. Although in the majority of hypertensive patients in stage 1 or 2 of the disease, global left ventricular (LV) systolic function remains intact, clinically relevant congestive heart failure is still a frequent unfavorable outcome of long-lasting hypertensive myocardial disease. The results of large epidemiological trials suggest that HT, or history of HT, accounts for nearly half of all cases of heart failure. 1 An early finding in this pathological sequel is often asymptomatic LV diastolic dysfunction, which however may proceed to symptomatic heart failure with underlying LV diastolic or even systolic abnormalities.
Nowadays, rapidly evolving diagnostic methods enable detailed evaluation of performance of particular myocardial compartments in consecutive phases of cardiac cycle and lead to better understanding of abnormalities responsible for cardiac involvement in hypertensive disease. Echocardiography still plays a fundamental role in the assessment of myocardial function. Recent studies employing echocardiographic tissue Doppler imaging (TDI) revealed in hypertensive patients besides LV diastolic disorders presence of subclinical systolic dysfunction of LV longitudinal myocardial fibres. 2, 3 Moreover, as it was evidenced in some other cohorts alterations in LV circumferential function may not parallel those in longitudinal one. 4, 5 Analogous data concerning function of circumferentially oriented myocardial fibres in hypertensive subjects are incomplete.
The aim of the study was to investigate systolic and diastolic circumferential myocardial function in patients with essential HT.
Materials and methods
The population of the study consisted of 102 patients (57 male, 45 female) aged 57.8712.7 years with essential HT admitted to our department who were prospectively enrolled into the study between All patients before enrolment into the study underwent coronarography and those with significant narrowings in coronary arteries were excluded. Among other exclusion criteria were poor quality echocardiographic imaging, valvular or congenital heart disease, decreased LV ejection fraction o50%, diabetes mellitus and other endocrine or systemic diseases, absence of stable sinus rhythm, significant renal impairment with serum creatinine 42.5 mg/dl, conduction or rhythm disturbances. No patient had a history of stroke episode. Slight renal affection with serum creatinine 1.4-2.5 mg/dl was evidenced in seven patients.
All medications were discontinued for the time of five half-lives before the study. During the time of withdrawal only emergency treatment with nitrendipine (Anpharm, Warsaw, Poland) 10-20 mg was given if needed.
Characteristics of studied populations are presented in Table 1 .
All subjects were informed regarding the purpose of the study and gave informed consent. Investigations were in accordance with the Declaration of Helsinki and were approved by the University Bioethical Committee.
All study participants were subjected to standard echocardiography with tissue Doppler studies, using a GE Vingmed System Five machine with a 2.5 MHz multifrequency transducer. The measurements of LV dimensions and wall thicknesses were performed from two-dimensionally targeted Mmode tracings, according to the recommendations of ASE. 7 LV mass was calculated by the Devereuxmodified American Society of Echocardiographycube formula 8 and indexed for body surface area to obtain the LV mass index (LVMI). LV hypertrophy was defined as LVMI4134 g/m 2 in men and 4110 g/m 2 in women. LV ejection fraction was estimated using a modified Simpson's biplane method. LV fractional shortening at the endocardium was derived from standard formula as the per cent ratio:
Midwall fractional shortening was calculated according to the formula described in detail in the appendix of Shimizu et al.
9
TDI was performed in the apical views (fourchamber, two-chamber and long axis) and in parasternal short-axis view to asses the function of longitudinal and circumferential myocardial fibres, respectively. Colour tissue Doppler was superimposed on two-dimensional images with the depth of imaging and the sector angle adjusted to obtain colour Doppler frame scaning rate 4100 Hz. Pulse repetition frequency was set at the lowest possible value without aliasing. The sampling window was positioned as parallel as possible with myocardial segment of interest to ensure the optimal angle of imaging. Myocardial regional velocity curves were reconstituted from the digitized images and analysed off line by a computer.
The assessment comprised basal segments in each apical view and mid-anteroseptal and posterior segments in parasternal short-axis view. The sample volume was located in the central part of the segment undergoing analysis. The following variables of the tissue velocity curve were evaluated as described previously: 10 peak systolic velocity, peak early diastolic velocity, peak late diastolic velocity, isovolumic relaxation time.
Mean values of peak systolic velocity (L-Sm) and peak early diastolic velocity (L-Em) obtained from the six basal segments served as a measure of the global longitudinal myocardial function, as they represented cumulative systolic and diastolic velocities of all walls from the base to the apex. Similar calculations comprising mean values of other parameters describing LV longitudinal diastolic function (peak early diastolic velocity/peak late diastolic velocity ratio (L-Em/Am)) and isovolumic relaxation time (L-IRTm) were performed.
All tissue velocity curves were analysed by one observer (WK) and intraobserver variability esti- 
Results

Standard echocardiographic measurements
Expectedly, LVMI, interventricular septum thickness (IVS) and LV posterior wall thickness (PW) were significantly higher in hypertensive patients than in the controls. Both groups did not differ with respect to LV ejection fraction and LV end-diastolic dimension (Table 2) . (Table 3) .
LV circumferential function TDI. Increased circumferential systolic velocity in mid-anteroseptal segment (C-AS-Sm) in patients with HT as compared with healthy subjects reflected enhancement of LV circumferential systolic performance. A trend towards similar alterations was observed in mid-posterior segment (C-P-Sm) (P ¼ 0.08).
Deterioration of LV circumferential diastolic function in hypertensive patients was expressed both in anteroseptal and posterior segments by significantly lower peak early diastolic velocity (C-AS-Em and C-P-Em, respectively) and peak early diastolic velocity/peak late diastolic velocity ratio (C-ASEm/Am and C-P-Em/Am, respectively) than in the control group. No differences in isovolumic relaxation time in both interrogated segments (C-AS-IRTm and C-P-IRTm, respectively) were found (Table 4) .
Standard echocardiography. Parameters describing circumferential systolic function derived from conventional echocardiography-LV fractional shortening at the endocardium and midwall fractional shortening did not differ significantly between the hypertensives and the controls ( Table 2) .
Correlates By univariate analysis, significant correlations were demonstrated between C-AS-Sm and LVMI (r ¼ 0.61, Abbreviations: C-AS-Am, circumferential peak late diastolic velocity in mid-anteroseptal segment; C-AS-Em, circumferential peak early diastolic velocity in mid-anteroseptal segment; C-AS-IRTm, circumferential isovolumic relaxation time in mid-anteroseptal segment; C-AS-Sm, circumferential peak systolic velocity in mid-anteroseptal segment; CG, control group; C-P-Am, circumferential peak late diastolic velocity in posterior segment; C-P-Em, circumferential peak early diastolic velocity in posterior segment; C-P-IRTm, circumferential isovolumic relaxation time in posterior segment; C-P-Sm, circumferential peak systolic velocity in posterior segment; HT, hypertensive patients.
Circumferential myocardial function in hypertension M Przewlocka-Kosmala et al In the final model of multiple stepwise regression analysis, which included LVMI, gender, age, IVS, PW, SBP, DBP, BMI and L-Sm, the independent determinants of C-AS-Sm were LVMI, IVS and age (Table 5) .
Similar multiple stepwise regression analysis encompassing LVMI, gender, age, IVS, PW, SBP, DBP and BMI revealed that the only independent predictor of L-Sm was LVMI.
Discussion
The main clinical findings of the present study are that in patients with essential HT (1) LV circumferential myocardial diastolic dysfunction and systolic hyperfunction accompany LV longitudinal systolic and diastolic abnormalities, (2) increase in circumferential and decrease in longitudinal myocardial systolic velocities are related to the elevation of LV mass.
Myocardial dysfunction is one of the earliest and most common complications of HT ensuing from heart muscle thickening, alterations of LV geometry, disturbances in histological structure of myocardium with increase in interstitial connective tissue content, intracellular calcium turnover abnormalities, high-energy phosphates depletion and increased stiffness of coronary arteries as a consequence of thickening of their walls and increased coronary filling at higher diastolic pressure. [11] [12] [13] [14] Asymmetry in LV longitudinal and circumferential systolic function in hypertensive patients with the former being more impaired has been demonstrated in previous reports. 2, 15 The present study demonstrated complete divergence of changes of longitudinal and circumferential systolic myocardial velocities both being independently related to the LV mass. Circumferential hyperfunction in systole found in interventricular septum may be a compensatory response to the impairment in LV longitudinal systolic performance allowing preservation of LV ejection fraction. Whether lack of significance of alterations in systolic circumferential velocities noted for mid-posterior segment was a result of regional differences in systolic circumferential function or only of insufficient size of the sample cannot be definitely resolved and needs further exploration.
In accord with previous studies, reduced longitudinal and circumferential early diastolic velocities and Em/Am ratios as well as prolonged longitudinal IRTm in hypertensive patients were indicative of global LV diastolic dysfunction. 2, [16] [17] [18] [19] [20] Failure to evidence significant differences for circumferential IRTm might be related to difficulties in the proper identification of the beginning and the end of this time interval in the TDI curve in the short-axis view owing to greater number of artefacts than in the apical views. TDI proved the most sensitive and accurate method of evaluation of longitudinal circumferential function in the studied group with HT. Only this echo technique was able to differentiate hypertensive patients from healthy subjects with respect to LV circumferential systolic performance, whereas both LV fractional shortening at the endocardium and midwall fractional shortening failed to do so.
Increase in LV circumferential systolic velocities accompanying longitudinal systolic dysfunction has been demonstrated so far in the diabetic patients. 4, 5 LV circumferential function in hypertensive cohorts was investigated utilizing TDI and estimation of fractional shortening by magnetic resonance imaging tagging, LV cineangiography and M-mode echocardiography. One study employing TDI did not show any differences in circumferential velocities between patients with HT and controls. 2 The results of the studies using analysis of LV fractional shortening are not uniformly concordant. 9, 15, [20] [21] [22] [23] Fractional shortening measured at the endocardium was unchanged or even increased in hypertensives; however, when midwall fractional shortening was assessed, besides normal values reported by some authors, depressed systolic function of circumferential layer of myocardial fibres was found out by others. Discrepancies between these investigations and the present study may be accounted for the dissimilarities of techniques used in the research.
Midwall fractional shortening method is based on the assumption of non-uniform transmural thickening with predominance of the inner half of LV wall, which using mathematical formula predicts hypothetical position of midwall fibres throughout the heart cycle.
Tissue Doppler echocardiography is a qualitatively different approach. Evaluation of myocardial function by TDI although presumed to be regional does not however refer to the individual layers of the fibres but reflects total velocities of the myocardium in site interrogated. Thus, despite that Doppler sample volume was positioned in the middle of the segment, that is, over circumferentially oriented myocardial fibres, the influence of adjacent layers, especially subendocardial one, on circumferential myocardial velocities cannot be ruled out. From the clinical point of view, the assessment of the function of the entire myocardial wall seems more relevant than that of only single layer.
In conclusion, hypertensive patients present the opposite alterations in LV systolic circumferential and longitudinal myocardial function, which are related to the increase in LV mass. Enhancement of systolic performance of circumferentially oriented myocardial fibres might compensate for LV longitudinal systolic dysfunction. TDI seems to be a useful tool for early detection of abnormalities of LV function in patients with HT, as well as for the subsequent assessment of possible beneficial effects of antihypertensive treatment.
Limitations: (1) Even in the absence of significantly stenosed epicardial arteries, we cannot dismiss microvascular involvement being actually one of forms of coronary artery disease as a potential mechanism of LV dysfunction, (2) although all medications were withdrawn before the study, we cannot definitely exclude the impact of antihypertensive therapy on results obtained.
What is known about the topic K Hypertension is the one of the most common causes of myocardial dysfunction. Clinically relevant congestive heart failure is still a frequent unfavourable outcome of longlasting hypertensive myocardial disease. Hypertension, or history of hypertension, accounts for nearly half of all cases of heart failure. K An early finding in hypertensive heart disease is often asymptomatic LV diastolic dysfunction, which, however, may proceed to symptomatic heart failure with underlying LV diastolic or even systolic abnormalities. K Recent studies employing echocardiographic tissue Doppler imaging revealed in hypertensive patients besides left ventricular diastolic disorders presence of subclinical systolic dysfunction of longitudinal myocardial fibres. The evaluation of left ventricular circumferential function in hypertensive heart disease is still incomplete.
What this study adds K In patients with essential hypertension, left ventricular circumferential myocardial diastolic dysfunction and systolic hyperfunction accompany longitudinal systolic and diastolic abnormalities. Increase in left ventricular systolic circumferential performance might be a compensatory response to the impairment in longitudinal function in these subjects. K The aforementioned increase in circumferential and decrease in longitudinal myocardial systolic velocities are related to the elevation of LV mass.
